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Te emlssivity experimemt on the first Orbiting Solar Observatory - [ -
yields, as part of the data on the stability of tenwerattn'e-control h
coatings in space, information on ea.rth-reflected sunlight and ee.r'bh- .
emitted energy. Localized values of both albedo and earth radiation .
deduced from these data are presented. ’

Descriptions of the experiment and radiometric t.echnique, a

' comparison of the resultant values with other reported data, and an
analysis of possible error associated with the results are included.
. The implications of the results of thls enalysis to the reporting of .
- radiometric dsta avecalso discussed, = o
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INTRODUCTION

Knowledge of the quantity of radiant energy reflected and emitted
from the earth and its atmosphere is required, not only in amalysis of
the heat budget of the earth for u:eteomlogical purposes, but also in
calculations of the heating of neam-ea:mh satellites, Until recently,
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values of ,reflected solar energy, or albedo, and,\mnnq.red radiation,
those veportad w

examplegy references 1, 2, and 3, have, of necessity, been deduced indirectly

from

. from observations made,,within the ‘Ra.rbh-atmaphere System. With the advent
of scientific satellites, direct measurement of these quantities from out~

side the atmosphere has been made possible. The greatest amount of
information has been obtained from the Tiros series of mteorological
satellites, which carried equipment designed specifically .for‘ measuring
reflected and emitted radi.aftion. Descriptions and results of these experie
ments are contained in references L and 5.

Results from an experiment on the first Orbiting Solar Observatory
also have given data on the intensity of reflected sunlight and earth
radiation. Although this expe:;:!ﬁt, as described in references 6 and 7,

was designed for another purpose-that of determining the long-term stability
dash)

of radiation properties of several thermal-control coatings( 4 deductions

have beaw Wmdo. frow\ the meo..wrcments
of albedo and earth radiation axe ' ; ; y—€ Beoy

albedo omd eavih vadlatlon are antc:‘ \’0{‘\ W ntt ond score .

Nevertheless, they are considered teo-be sufficiently ua.'ble as & supplement

to previous measurements to warrent repoz?ting. In the process of reducing "~

the data, anemramﬂysis,whichhbenmdtohsvegemalapplicaﬁon
mmmmmmsdmw,mmm Eheana.‘lysh
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.  that may crist
1lustrates the, large uncertainties,in detesmining albedo and earth

ramtmn"mf&c from rediometric measurements.

| This paper presents the results obtained from the 0SO-I experiment

and gives comperisons with previous messurements of albedo snd earth redistion,
The uncerteinty analysis for the present data is given, and implications of
the results axe discussed mrerm’to other 1ediouster messurenents af
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area of séngor surface, ft2 B , 3
albedo’% . - ‘\e- s

- earth-emitted radiant flux, BTU/Hr £t2

elbedo view factor, defined by Hy = SAF,

' earth-reflected solar flux,incident on semsor surface ’

0
Temperature of sensor, R 4

~independent variable
" albedo-radiation absorptance of sensor swurface

.earth~-radiation absorptance of sensor surface

- time » hr . , /c’
'Btefan-noltzmnn eonsta.nt, o,rnu X 10 B’I’U/hr rt‘n

specific heat of sensor, BIU/1b°R

Barth view factm', defined by Hp = FgE

BTU/hr £t2

ea.rth-emitted radiant flux incident on sensor surface,
BTU/nr £t

direct solar flux incident on sensor swrface, BTU/hr £12
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Sensor
temperature of \mounting cup, °R
& function of n independent variables

K
mass of ‘sensor disé, 1b.
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solar-radiation absorptance of sensor surface

Xight,

infrared emittance of sensor surface
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. ANALYSIS OF RADIOMETRIC TECHNIQUE

A radiometer is an instrument for measuring electromagnetic radiation.
The measurement is an indirect one in the sense that quantitites which show
the effect of radiation, such as the temperature rise of a calorimeter or
the torsional twist of a suspended disk, blackened on one side, are the meas-

ured quantities. From data such as these, the magnitude of energy absorbed

cndenatly « deaBbT i z/\—w
by the detector can be determined. If in additidn the,\ is - 77

knmm or aammed)te-!eéiate-m-a-pnacxihedm:, the total energy emitted
am

by +hed object can be deduced. Of particular interest are the calorimetric~

type measurements such as those employed on the first Orbiting Solar Observa~

tory. Albedo and earth radiation were deduced from time-temperature histories

" of two isolated surfaces in space,

-ir‘bhﬂ-ef-m—energy—b&lener] Consida' a thin flat plate, thermally isolsted

on its back side, located many miles above the earth, and oriented in such a

. manner as to see at least a portion of it. The Shin-platey—or am'face'é\'wm

. intericept direct enérgy from the sun, and energy emitted and reflected by the -

-eaxrth. The equation of energy balance of the surface is:

B, + H A, + Hho, + Q = Aea'rl’ + -wc,-% (1)

The texrms on the left side of the equation are the sbove mentioned heat infuts
from the earth and sun plus the energy term QK vhich represents that due to
imperfect thermal isolation on the btack side. The tems on the riglrb repre-
seut the radisnt emissi.on and tharml eopocitance of the mrrace. S
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The heat-input pe:ra.me\ters H,, H , and B, are functions of the
inf:ensity distribution of emitted and reflected radiation, and the orien;

-~ tation of the surface with respect to sun and earth. The relstive amount of
energy eniitted or reflected by the sun or ee.rth that is incident upon the
surface is described by the term view fa.ctor The heat-input parameters
are related to the heat saurcea and v:l.cw racbrs by the rollowing equa.-

tions: ) \ e _ _ '
O R
HA '= F‘{lS o ) (3)
G - R Q
vhere Fs, F,, and Fp are the solar, albedo, and earth radiation view

-factors. -Substitution of equations (2), (3), and (4) into equation (1)
reswlts in an equation in terms of 8, A, and E. To determine albedo and .
earth radiation, one or more such equations mist be solved for the terms

A& and E. The procedures. used in the solution of these terms will be dis-

~ cussed presently. |

In the subsequent analysis, the following essumptions were made:

(1) the value of albedo-radiation absorptance of the radiometer sur-
-face , @, , vas assumed to equal the value of solar-radiation absorptance
Qs (2) the infrared absorptance, Oy, Of the surface was taken equal to
the infrared emittance, €; (3) the earth was assumed to emit and reflect
according to a cosine distribution; (U4) the heat input term, Qg which

’ represents heat input to the sensor fom its back side was set equal to
K('.'th- 'Th) , wvhere K 1s a proportionality factr, '.t' is the temperature

\ of the radiometer surface, and Tﬂ is the temeratm ot the o‘bject ’beh:l.nd
the surface with which 1t exchanges heat. -




; Earth radiation determination.- Earth radiation can be deduced from

. are
.~ data recorded on either day or night portions of an orbit. Values eembe

able
obtained in one of two ways: (1) solution of a single energy equation, or

(2) simultaneous solution of energy equations for two different radiometer

surfaces. If the single ‘energy equation and sunlit-side data are employed,
a value of albedo must be assumed. If dark-side data are used,A the as~ -
' sumption is unnecessary since the sqla.r and albedo terms are zero.
The equation for determination of earth emission, der:ﬁred. from the
single energy 'equhtion, ‘equation 1, plus the relationships of equations
(2), (3), and (), is:

1. % ve aT 4 I
\v E""'._:E'EGT - 'E'(FSS+F£’S) +,-—€I-&—+§£T_ -'Ilb) _ _ (5)

Consider.ing the simltaneous solution of the energy equations for two
rediometer surfaces exposed to the sunlit side of the earth, the earth-

emitted energy can be written :

€| m b € L wc |aT K booooby]

X ! a| M "o 2" mdae '_AaI(TE'Tb)
E = S 5 22 sl , (6)
: F(SI-EI 1 2 ,
F alaa) ’ | ., K b b
we
* T 'a'él*ra';l (7" - %) \
. 1 1 g J

where the subscripts 1 and 2 refer to the two rediometer surfaces. In the

 application of this equation, if the ‘as/e ratios of the two surfaces

are nearly the same, a small error in one will result in a large uncertain-

ty in E. It is therefore desirable to employ surfaces which have distinc-

tively different Ogfe ratios.




Albedo determination.- Albedo values must be deduced from data recorded
only on the sunlit portion of an orbit, since the dark side of the earth

receives no solar energy to reflect. The solution of a single energy

" simultanecus solution of two energy equations will yield the desired

: ‘re sults.

~

|
equation, in which a value of esrth radistion has been assumed, or the o \
|

Values of albedo can be derived by solution of the following single

energy equation:

1 € L we
A e, [a;‘““’ - EPg) - FgS * i

SGrm et mb")] (7)

And the simalteneous. solution of two energy equations can be written:

[ b b a ar ’
L oT) -vT, '(?sl""l)”*ﬁael -
& = ‘ 2 8
a a
o F S -_§.) £ L by . L N : :
' A(“ll € o [ 32%5'2%%' (Tl'mb)'LeA|2(T2°Tb) |

As in the case of dedu.ction of earth radiation, large uncertainties can
result in the solution of equation (8) if the « /e ratios of the w0

' radiometa' surfaces have nearly the same value, and again, lsumfaces having
distinctively different agfe ratios should be utilized.




" Uncertainty Analysis

All experimental measurements are subject to some degree of error. When

these data are used to deduce other quantities, the resultents will havz cor=-
' : me o

responding uncertainties. Im-order-to-make—use—of,these quantitifes, a meas-
A A

ure of their reliability must be provided. Specifically, albedo and earth

radiation can be deduced from experimenttally measured values of temperature, '

optical properties, etc. These values may be accurately messured, but all |
are subject to some degree of error. The question 1s)wha.t is the associated
exror in albedo and earthfradiation due to the propagation of the uncertainty
of the individual terms from Which they are deduced? '

).




The uncertainties in albedo and earth-radiation were computed by the -

" method of Kline and McClimtock as described in references 8 and 9. They

define uncertainty as "a'possible value the error might have." The method

of analysis will follow. If the quantity V ie a function of n inde-

Pendent variables, X, x2 coe X then for small changes in these variables,

the proportional change in V can"be expressed as:

f.
&Y =1%1Ax1 + %‘;’an2+...+ %}’?Ax | o 1)

Let Xy repfresent the uncertainty of each independent variable. If, in addi-.

tion to being small, the uncertainties are independent and equally probable,

and if the variables are estimted to fall within their uncertainty interval

‘with od.ds of, say, 10:1, then V. will fall vith:l.n the interval V + AV with

the same odds when AV i1is defined by:

19

[1av  \2 v, \2 v\
SRR [CTVE (3%“*25 s () Ler”
The uncertainty interval of each variable should be determined by an

analysis of the method by which it was obtained. Often, however, it is too

time consuming, inéonven@g,nt s Or even impossible to conduct a complete analysis.

In general, an educated guess may be better than none at all. The values

. to be employed are not necessarily extremes, but those within which the
Mamw&b.

error should fall withAodds.EAi,-eos‘,-wdg- o

Earthiradiation.- Specific application of the method of Kline and

McClintock will be made to the determination of the uncertainty of deduced

4 v&?‘/on s~
values of earbh}radiation. 'I'he energy emtion)n{aw@kmu

Mc&nbevritten* T !
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E £2(7, %: Ty as./ﬁ.i €, A, 8,4; ve; K, FE) (13)
The uncertainty of deduced values of E is described by:
| { 3 = T
E 4T ' B
OE = (F-TAT) (6__ A-a-é Fees F (SFEAFEB - (12)

de

* Albedo.- Analogously, the uncerteinty of deduced values of albedo may

be determined. However, in this case, all variables are not independent.

The energy equation, eq. T, can be written:
a4 = £2(1, &, 1, ai/e, ag, A, 5, B, v, K’A'FE’ Fp) (13)

The view factors ‘FE end F, are not independent. Both are a function.

of the geometrical area of the earth viewed 'by the sensors. For every ',
error assoclated with the determinstion of Fy, there will be & corre-
-sponding error a§sociate'd with F I Both errors will be in the same
direction; that is, a simultaneocus increase or decrease of both values.
Providing as/e and 0ty are obtained from independent neasurements,
all remaining terms may be considered to be independent. The uncertainty

equation for this case can be written:

mem—

da

aae [T [RgeB] () (o By
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DESCRIPTION OF EXPERIMENT

The Emissivity Experiment on the first Orbiting Solar Observatory con-
sisted of a cluster of temperature-control surfaces thermally isolated from
each other and the spa.cecraft, and a means of recordd.ng their temperatures.

WPW Features of the experiment perti.nent to
the determination of albedo and esxrth radiation will be discussed.

Sensor Des:lgh

Each rad;ation sensor consisted of a surface, or coating, applied to a
metallic substrate to which a thermistor was attached on the underside for
temperature measurement. In order to minimize extra.neous heat losses, each
was mounted in a specially designed mounting cup as shown in figure l.

Test Surfaces

Sevén surfaces were employed as pa:rt of the Emissivity Experiment. One
of these was a reference surface designed to remaln optically stable in the
space enviromment. It was composed of razor-blades, with blackened finish,
stacked together, as shown in figure 2, to form a series of small apex-angle
vee grooves. Hence, most incident zjadiation-experienced mltiple reflections -

- and eventual asbsorption. As a result, the reference surface was a good ap-
Proximation of a black body. Because of the design, any change in the emit-
tance or reflectance of the local swrface would have had only a small effect
on the over-all emittance or absoxptance of the reference suxface. A complete
list of the surfaces employed as part of the emissivity experiment follows.

1. BRBazor-blade reference
2. Aluminmmm powder -1n.s'111cone

2

4. Ti0, in siliconme

3. Ti0. in epoxy | ' - .




5. White porcelain enamel

- | 7. Al-5i0-Ge-S10 P e W

Of these surfaces, only two{gppeared to be worthf considering as radio-

meter-d.etector—surfaces the determination of albedo. Those are the razor-

a/ummum aner n /tcaﬂe
8 selection resulted ffom the
~

% the op’cica.l prope}t_ies be known with good a é.cy. Since mfra.red :

PDlade reference

- requlxement

absorptangce of the surfaces was-not measured, it was ne s”s/ary that infrared /”

N

sdequstely infexred,  Both surfaces met this regfivement. Since the Tlight-
deduced va:h?of o /e and the labora.tory— fies suredMs( efs. 6, 7) -

emittance be indepen?o wavelength so that nfrafed absorptance coul,d,-be

' o
were con/s,idered the bagt available ‘data,/it was necessary, in order ket these 7
v At
data be—used sinn:ltaneou :I.n an englgy equa.tion, tlnt each surface be stable .
' iy
in space. Both- me'b this reqhirendnt. ADue ‘to the fact that the s‘/<-: ratios

~ of the surfaces /were nearly idenkjcal, the energy equations of the two surfaces
. were not solved similtanegdsly for alpedo. Indtead, the energy equation of &

single- sur:t‘ace was solyed. The surface delected vab’/ the razor-blade reference,

which hae 4 <ol absov ptince of O snd an “Sfc retio ¢ chl//*o 0.98.
Besides its inherep? stability, its solar abserptance is, for prac
‘poses, independofit of angle of incidence. g
For ana Yogous reasons plus the /resu.lts of an u.nc 1£ty analysis econ-
. d ed-on/the-data—from-the-various—surfaces, the if)‘anl\wax selected to 'be/

ometer-detector-surface for earth- iation. The infrared e ftance
) which is 0,85,

/ of fhis surface,umay be considered stable/in space (ref. 10). Howedey, its

-"

olaxr a.'bsorptance is not. Acc ly, the surface was enmloyed as a dedector A

- Z
On.'_l.y/-'in the dark portion o._,the or'bits.

/ 0S0 Satellite

The Emissivity Experiment was mounted on the first Orbiting Solaxr Obsexrva-
tory which was launched March 7, 1962, The orbit, ‘which was approximately-

e 8 A+ A | 12 o &+ S i 21
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350 statute miles above the earth and inclined about 33° with respect to the

- equator, is illustrated in figurec3. Its period was 96 minutes.q/'l'he satellite

is composed of two main parts, as shown in figure 4: A nine-sided-wheel lower -

section which rotates at 30 xpm, and a stabilized semicircular upper Isection
aimed at the sun. The spin-axis of the rotating section was always maintained
. ‘perpendicular to the satellite-sun line. - However, the axis was free to rotate
about this line. Its position, which was determined from satellite instrumen-
tation, is known for only about the first two momths in orbit. The Emissivity
Experiment was mounted on the periphery of the -rotatiné vheel/section, thereby}
viewing not only the earth, but alternately looking st the sun.

 Data Acquisition

Experimental data were obtained only when the 0SO was over the vicinity

of the minitrack stations located in the north-south picket line from the
southeastern coast of North America south along the west coast of South Ameri-

1o /,-e// of view of++he radcafion Sensors o [flustreled in ftgure T,
ca. ' The data were received for about five mimtes each orbit. A Because lmow-

necessax r

ledge of the spin axis orientation is eesea%iel—'b@ the determination of albedo
and earth radiation heat flux,  -only the time per:l.od for which this 1s known
will be considered. As mentioned sbove, this is & period of epproximately

two months.

'(‘ +




REQUIREMENTS FOR QUALIFICATION OF TEST SURFACES
AS RADIOMETERS
| Because none of the test surfaces included in the Emissivity

Experiment were specifically designed to be radiometric sensor surfaces,

it vas necessary to determine which of them best qualified for such use.

All surfaces were considered from the standpoint of usefulness in pro- \

' viding data on both the-didit and night sides of the orbit.

The primary requirement for qualification of a surface was that its
optical properties be known with good accuracy. Flight-deduced values of
as/e, as described in'references 6 and T, were considered to be more
accurate than those obta:i.ned. by separate laboratory measurements ef—the
éndividuni—veines of O and e, Afr:ié"éégg:llgeréab&;[é fonsasirimonts | the S
\ | deduced from flight data.  Surfsces were selected as & result of ‘the fol-
bwing considerations; | . -

l. The most accurate values of the .optica.l properties were known for
those surfaces which possessed stable radiation characteriat:lcs_.
Hence, only stable surfaces were considered.

2. Since the earth radiation received by each sensor did not come
from a source having the same temperature as the sensors, it
follows that infrared absorptance was not necessarily equal to
infrared emittance. Only surfaces having infrared emittance inde-
pendent of wavelength, and consequently ap equal to €, were con-
sidered.

As & result of these considerations, only three surfaces qualified
‘for use in the radiometric determinations. Two of these were for use on

. <sunli+
‘the izi-gh'%ed side of the or‘bit, and the other for use on the dark side.

‘nJl'w‘Ju‘f velves oj ¥ and €



'The two which could have been utilized for the similtaneous solution

of .both albedo and earth radiation had ag/e ratios nearly equal. Since
this would have lead to excessively large errors, the simultaneous-solu- .
tion method was not used. Consequently, the surfaces were selected on |
the basis of their applicabilit.y to the solution of a single energy
equation for albedo or earth radiation.

For measurement of earth radiation, the single energy equation,
utilizing night side data, required that only the emittance, €, be stabile
and independent of:.wavelength. Also, no assumption of albedo was neces-
sary. The surface selected for this measurement was the TiOp in epoxy.
A\L'Lthough the solar absorptance of this coating was found to be unstable,
its infrared emittance is known through laboratory studies (ref. 10) to
remain constant on exposure t0 simulated space envirdnments. In additionm,
its emittance is 1ndepen&ent of wavelength for the spectral region of
interest. The measured value of € is 0.85. |

The surface selected as the radiometric sensor surface for determina~
tion of albedo was the razor-blade reference. Besides inherent stability
and independence of emittance with wavelength in the infrared region,
labofa.tory studies (ref. T) indicate that its solar absorptance is inde-
pendent of angle of incidence. The as/e ratio of this surface, deduced
from rlight data (ref. T), 1s 0.98, and the laboratory measured value of

ag is 0.97.




RESULTS AND DISCUSSION

Experimental data from the Emissivity Experiment on the first

Orbiting Solar Observatory were utilized to deduce values of earth radiae=
tion and albedo. The reliability of these values was investigated by

means of an uncertainty analysis. The results of the analysis are signie- .
ficant not only in the evaluation of present data, but also in applica.-' .
tion to satellite radiometric measurements | in general. These results,

plus comparative ‘data from other satellite measurements ,— are presented

in the following sections. N

Earth Radiation

0SO results.- Application of experimental data from the TiOp in epoxy
surface to the radiometric equation solved for E, equation 5, produced
values of earth radiation. Only night-side data, which required no as- ‘
sumption as to the magnitude of the albedo term, were employed. The de-
~ duced values are presented graphically in figure 6, and in the following
table as a function of date, and latitude, longitude and Minitrack Station

near which the satellite was 1ocated at the times of data acquisition.

}

Minitrack - Latitude oiLongitude Earth-Radiation Equivalent

Date Statioh of 0S0 of 0S0 Btu/hr £t7 Blackbody
iemeratu.re‘}
March 11, 1962 Lima, Peru -17.6339 ~78.4m=y 101 Loz
March 23, 1962 Ft. Myers, Fla. 17.2885 -‘{3&» 109 502
April 3, 1962 Ft. Myers, Fla. %EBS%‘ -%_ 106 ko9
April 5, 1962 Ft. Myers, Fla. E'aaﬁea ‘ -89 =TT 93 N 483
! o
May 3, 1962 Lima, Peru 599  -81.255- nz 506
: £ ‘ '
May 15, 1962 Ft. Myers, Fla. s RS e =S 106 hog

| & co
May 15, 1962  Ft. Myers, Fia. o _-aim %2 - L8
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Uncertainty analysis.=- The accuracy of the deduced results was

e I

termined by the application of equation (12) to the measured data.

- Uncertainty intervals within which the individual variables are believed

to fall, with odds of approximately 10:1, are tabulated in Table I. As
a result of the analysis, the reported valu;s of earth radiation are
believed to be within + 9 Btu/hr £t2 of the true values. The order of
magnitude of the uncertainty was not found to be due 1".0 any particular
term, but to the several uncertainties involved. However, better over-
all accuracy could be obtained if particular terms were known with more
accuracy; primarily, these include infrared emittance, temperature, and
\

change of temperature 'with time.

Comparative data.- To provide a comparison for the 0SO results, data

from Tiros III and IV will be presented. These data were reported by Suomi
and House al the XIII General Assembly of the International Union of Geodesy
and Geophysics held in Berkeley, California, August 1963, and Nordberg and

Bandeen (ref. 5). The data presented by Suomi and House are presently

" unpublished. These particular sets of data were chosen because they were

deduced from wide-field radiometers such as that flown on the 0SO.

The data reported by Suomi and House were obtalned from Tiros IV
radiometric measurements made in the months of February, March, and April
1962. Their data were latitudinal averages; no data were presented for
more specific geographical locations. The average values for the latitudes
at which 0SO results were given ranged from T4 to 84 Btu/bhr £t2, This is
t0 be compared with 0SO results ranging from 92 to 112 Btu/hr ft2.

The 0SO results, although larger than the latitudinal averages
measured by Suomi and House, appear reasonable in light of data reported

by Nordberg and Bandeen. Thelir data pertains to results from the Tiros III

Y




meteorological satellite. It should be mentioned that the field of

viéw of the Tiros III wide-field radiometer is considerably smaller than
that of the OS0 sensors. The data of interest ﬁere obtained over geo-
graphical areas similar to those seen by 0SO at the times of data acquisi-
tion. Nordberg and Bandeen present values of apparent earth blackbody
temperature deduced from radiometric measurements made over the tropical
Atlantic ocean in Juiy, 1961. With the exception of some minox écattered
clouds, the sky was clear at the times of these measurements. The black-

body temperatures were a&s high as h79° R. Due to the time constant of

'~ the instrument, the values were increasing, and it appears that larger

values than this may be interpreted from the data. The emission of a
¥79° R blackbody is 90 Btu/hr £t. This value compares favorably with
the 0SO Tesults of from 92 to 112 Btu/hr £t2.

The commonly accepted value of the average global earth-radliation is
- appréximately 72 Btu/hr ££2.  The origin of this value stems from calculations
based on indirect measurements made prior to the advent of space satellites.
-Although considerably lower than the 0S0 results, it in no way denies the

existence of larger or smaller values at more localized geographical regiloms.

Albedo

~

0SO results.- Equation (7) together with experimental data from the
razor-blade reference surface were utilized to deduce valﬁes of albedo.
Because solution of the equation requires knowledge or the assumption of
earth radiation, E, the average (103 Btu/hr £t2) of the previously deduced
values was employed. The deduced values of albedo are presented in the
following table as a function of date, latitude, longltude and Mihitrack

Station near which the satellite was located at the times -of data acquisition.

.




Date Minitrack Latitude Longitude Albedo
Station of 0SO of 0S0 Values, %
March 8, 1962 Quito, Ecuador -6 -75 23
"9, 1962 " | 5 -7k 26
" 10, 1962  Ft. Myers, Florida 23 -86 12 -
"1, 1962 Quito, Ecuador -2 -78 23
"o, 1962 Anefagastn, Chile -22° -69 20
"2, 1962 QJUtko, Eruador -5 -81 23
" 12, 1962  Antofagasta, Chile -2k -TL 27
" 13, 1962  Lima, Peru -10 -80 17
" 13, 1962  Antofagasta, Chile  --27 -71 28
" 19, 1962 " -23 -73 38
April 3, 1962 " -26. -67 34
" 16, 1962  Ft. Myers, Florida .27 -88 23
"6, 1962 W 32 -83 20
" 19, 1962 " 32 -84 25
"o21, 1962 "o 30 -87 10
" 23, 1962 " 25 -82 19
May 3, 1962 -1 -82 20

Quito, -Ecuador




Uncertainty analysis.- As a result of the application of equa~-

. '3y

/
tion éto the experimental data, it 1s believed,-with-edds—ef—10+Ly
that the reported values of albedo are within approximately + 0.10 of

their true values. For a reported value of 20 percent, this amounts
to + 50 percent of its magnitude. Values employed for the uncertainty
sbscedon odds spproximately 10:1, Qo prth, the LoALL, M"Jd
of individual variabl spare tabulated :Ln Ta'ble @ i’he erder-of magni-
tude of the uncertainty was not found to be due to any particular term,
o : it
but £ the many terms 3 ,~twedve -ai—otal, involved. The effect of
assuming a value of earth-radiation, with its corresponding uncertainty,
was small, %% AE  Dbeing approximately 3 percent or less. It is also
interesting to note that an uncertainty analysis conducted on the simil-
taneous solution of the energy equations of various combinations of the
surfaces flown on the 0SO experiment showed no better accuracy than that
resulting from the single-energy equation.

Comparative data.-~ The Tiros IV results reported by Suomi and House

were latitudinal aversges. Their albedo values for the latitudes at

which 0SO results were obtained ranged from approxims tely 25 to &}: per-
?w-ﬂo« Am T abrre Talle

cent. These are to be compared with the 0SO resul’tsAaaﬁ'b—Presen’beé- of

Faem 10 to 38 percent.

The Tiros III results, reported by Nordberg g.nd Bandeen, which per-
tain to the tropical Atlantic Ocean, are about 9 percent. As previously
déscribed, ﬁlﬁée measurements were made over water, and the sky was clear

.at the times of these measurements. The field of view of the Tiros IIT
wide-field radiometer was considerably smaller than that. of the 0SO radio-
meter. The-Tiros.III radiometer, at the times of the above measurements,
viewed only water. Since the 0S0 radiometer viewed both land and watexr
masses, and the sky was not necessarily free of clouds atthe times of
measurement, it is to-be-escpeebed that the 0SO results,be larger than

9 perg:ent.




CONCLUDING REMARKS ‘

Values of earth radiation and albedo were derived from an experi-
ment on the first Orbiting Solar Observatory. The values were compared
with results obtained from measurements on Tiros satellites. Although
the Tiros results are not directly comparable either as to time or loca-

tion, data obtained over somewhat similar geographical areas are in
reasonable agreement with the 0S0-I measurements. |

The values of earth radiation obtained from“the 0S0-I data ranged.‘
from 92 to 112 Btu/hr f£t2. Tiros III measurements over the tropical
Atlantic Ocean, in the same general area as the 0SO data, showed a value
of 90 Btu/hr £t2. The latitudinal averages ©of earth radiation obtained
from Tiros IV, for approximately the same la;titudes as the 0SO measure-
ments, ranged from T4 to 84 Btu/hr f£t23.

Measurements of local albedo from 0SO-I gave values from 10 to 38
-percent. As might be ‘expected, these values are larger than the Tiros IIT -
results of approximately 9 percent, which were obtained from a radiometer
having & more limited field of view than that on 0SO and which viewed
clear skiesb and ocean areas. The Tiros IV latitudinal averages for the .
geographical areas of interest ranged from 25 to 34 percent.

An uncertainty analysis which was applied to the 0SO-I data
illustrates the difficulties involved in making accurate radiometric
measurements. The principal problem is that a great many variables
are involved in the measurements, each one contributing a possible
error. Large uncertainties, tlerefore, can result. The results of
this analysls strongly suggest the néed for the inclusion of uncertainty
analyses in the reporting of radicmetric data. If the numerical results
of the analysis are representative of the order of magnitude of error
generally associated with meaéurements of this type, close agreement

between the results of any two investigators may be scmewhat fortuitous.
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LSED For DETERMINING EARTH RADIATION

~TABWE T _
LNCERTAWTY VALUES A=<<SISNED T¢ VARIABRL

Variable U"ﬂ.’:‘f‘;’.’ﬁ‘{e o
T t 3°R
V4o t20'K/hr'
- Te £ 3°R
€ t0.0%
| t0.01 A
- WG ¥ o0.05wWC
K t o005 K
Fe L 0.02 Fg
TABRLE IL

UNCERTAMNTY VALLES ASSIGNED To VARIABLES

[ 1R

USED FOR DETERMINING ALBEDO

Variable u“‘@f&‘ii?e °f
T t 2°R
dTde s ls‘a/hg
Te St 2R
“/¢ t o.0¢
oy X 0,03
A t 0.0l A
s t 0.025
E * o Byl
W 3 0.05 we
K L 0.0 K
Fe . t ool fg
Fe %t 0,02 Fe
Fa t o, °{F~A

Lo

=
—
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